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pictures

(57)  Theinvention is related to a method and an en-
coder for coding a subsequent sequence of pictures
(GOP) by help of a preceding sequence of pictures
(GOP).

Said method comprises the step of determining pic-
ture dependent coding parameters from coding of the
pictures in the preceding group (GOP). The method fur-
ther comprises the step of determining complexities by
help of the determined coding parameters. As well, the
method comprises the step of updating enhanced level

weighting factors by help of the determined complexities
and the step of coding of pictures of the subsequent group
(GOP) by help of the updated enhanced level weighting
factors.

By updating the enhanced level weighting factors by
help of the complexities coding performance is improved
and smoothing of quality transition from a preceding
group of pictures (GOP) to a subsequent group of pic-
tures (GOP) is achieved.
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Description

Background

[0001] The invention is related to a method and an encoder for coding sequences of pictures. More precisely, the
invention is related to coding a subsequent sequence of pictures by help of a preceding sequence of pictures.

[0002] Scalable video coding (SVC) is an extension of the ITU-T Recommendation H.264 | ISO/IEC International
Standard ISO/IEC 14496-10 advanced video. SVC provides the attractive attribute of scalability such as, for instance,
spatial scalability, temporal scalability or signal-to-noise-ratio scalability.

[0003] To achieve spatial scalability, according to SVC a group of pictures is divided into two or more spatial levels.
Similarly, for achieving temporal scalability a group of pictures is divided into two or more temporal levels. A base level
comprises key frames which allow for decoding independent from other frames. Key frames are either intra coded frames
(I-frames) which are decodable independently from any other picture or predictive frames (P-frames) which rely on the
last key frame for decoding.

[0004] In order to improve temporal or spatial quality, e.g. by an increased frame rate or an improved resolution, one
or more enhanced levels comprise bidirectional coded frames (B-frames). In the case of temporal scalability, these B-
frames are temporarily located in between two key frames of the base level. For decoding B-frames in an enhanced
temporal level, the frames of the next lower temporal level are required wherein the base level forms the lowest temporal
level.

[0005] The frames of all enhanced temporal levels which are temporarily located in between two key frames form
together with one of said key frames a group of pictures (GOP). Within the framework of temporal scalability, I/P-frames
are also referred to as low pass sub-bands and B-frames are referred to as high pass sub-bands.

[0006] When being faced with limited bandwidth, for instance in relation to transmission, there is a need for spreading
the available bandwidth over the different levels.

[0007] Itis common practice to multiply sub-bands by a weighting factor which may vary between sub-bands. The
weighting factors indicate the amount of bits allocated to coefficients of the sub-bands. The weighting factors are cal-
culated for each GOP based on properties of the unprocessed frames in the GOP.

[0008] But, said practice may result in sudden quality changes between groups of pictures. Furthermore, there is a
continuing need for exploiting the available bandwidth more efficiently.

Invention

[0009] The inventors recognized that scaling factor calculation based on properties of unprocessed frames does not
take into account coding effects which may result in sub-optimal coding. Furthermore, the inventors realized that the
common practice can lead to sudden quality changes between two GOPs. Therefore, they challenged the task of im-
proving and smoothing encoding performance.

[0010] This is achieved by a method for coding a subsequent sequence of pictures by help of a preceding sequence
of pictures, wherein each picture either belong to a base level or to one of one or more enhanced levels, the method
comprising the features of claim 1.

[0011] Said method comprises the step of determining picture dependent coding parameters from coding of the pictures
in the preceding group. The method further comprises the step of determining two or more complexities by help of the
determined coding parameters. As well, the method comprises the step of updating enhanced level weighting factors
by help of the determined complexities and the step of coding of pictures of the subsequent group by help of the updated
enhanced level weighting factors.

[0012] By updating the enhanced level weighting factors for coding of a next picture group by help of the complexities
determined from encoding of a previous picture group coding performance is improved and smoothing of quality transition
from a preceding GOP to a subsequent GOP is achieved.

[0013] Itis preferred, that determining complexities comprises determining a base complexity by help of the coding
parameters depending on base level pictures and determining one or more enhanced complexities by help of the coding
parameters depending on enhanced level pictures, and that pictures of the enhanced levels in the subsequent group
are coded by help of the updated enhanced level weighting factors.

[0014] In another preferred embodiment, the picture dependent coding parameters comprise the number of bits and
the quantization step size used for coding of the picture and the coding of pictures by help of the updated enhanced
level weighting factors comprises allocating bits.

[0015] Using the enhanced level weighting factors for bit allocation allow for efficient bandwidth exploitation.

[0016] Preferably, the step of determining the enhanced complexities and the base complexity comprises averaging
the product of the picture dependent coding parameters over the coded base level pictures and, for each enhanced
level, averaging the product of the picture dependent coding parameters over the coded pictures of the respective
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enhanced level.

[0017] This smoothes picture quality changes even more.

[0018] In yet another preferred embodiment the step of updating a enhanced level weighting factor comprises scaling
a predetermined value by the quotient of the respective enhanced complexity and the base complexity.

[0019] Sometimes, pictures are determined to be either bidirectional coded or intra/predictive coded wherein pictures
which are to be coded intra/predictive are coded with common intra/predictive coding parameters. Then, the method
preferably further comprises determining an intra/predictive complexity, determining a generalized quantization param-
eter and determining an intra/predictive weighting factor by help of an intra/predictive quantization parameter and the
generalized quantization parameter, determining an intra/predictive scaling factor by help of the intra/predictive com-
plexity and the base complexity, and scaling the intra/predictive weighting factor by the intra/predictive scaling factor.
[0020] In even another preferred embodiment the intra/predictive quantization parameter corresponds to the quanti-
zation step size used for coding. Then, the step of determining the intra/predictive complexity comprises multiplying the
common intra/predictive coding parameters and the step of determining the generalized quantization parameter com-
prises averaging over all coded pictures the quantization parameters used. This allows for determining the intra/predictive
scaling factor by dividing the intra/predictive complexity by the base complexity.

[0021] Itis further preferred if determining the generalized quantization parameter comprises diminishing it by a value
which depends on the number of enhanced levels and determining the intra/predictive weighting factor comprises limiting
its value range to the range from 2 to 10.

[0022] The invention is further related to an encoder comprising the features of claim 9.

[0023] Preferred embodiments of the inventive encoder further comprise the features of claim 10 and/or claim 11.

Drawings

[0024] An exemplary embodiment of the invention is explained in more detail in the following description by help of
the drawing.

In the figures:
[0025]

Fig. 1 exemplarily depicts temporal decomposition of a sequence of pictures into a base level and three enhanced
temporal levels

Exemplary embodiment

[0026] The inventive method is exemplarily explained in the framework of temporal scalability. But, it may be applied
similarly in the framework of spatial or SNR scalability.

[0027] Figure 1 exemplarily depicts temporal decomposition of a sequence of 16 pictures into a base level LO and
three enhanced temporal levels L1, L2 and L3 as known from prior art. The sequence is further decomposed into two
equally sized groups of pictures GOP. To each picture there corresponds a number reflecting the pictures position in
the order of the sequence. Each picture is further indicated to be either I/P or B. Each group of pictures GOP comprises
a base level picture which is an I/P picture which is also referred to as the key frame of the groups of pictures GOP.
Each group of pictures GOP further comprises several B pictures. Due to vertical arrangement of levels in the picture,
the B pictures form a pyramid. That is, in the given example there is one B-picture in the first temporal level L1, two B-
pictures in the second temporal level L2 and four b-pictures in the third temporal level L3.

[0028] As indicated by arrows in figure 1, encoding of the B-picture in the first temporal level L1 is done by help of the
key frame of the current group of pictures GOP and the key frame of the preceding group of pictures GOP. Encoding of
the B-picture in the second temporal level L2 is done by help of a key frame, either from the current group of pictures
GOP or from the preceding group of pictures GOP, and by help of the B-pictures of the first temporal level L1.

[0029] After temporal decomposition of a group of pictures GOP, a low-pass sub-band (I/P) and some high pass sub-
bands (hierarchical B pictures) which are located in the different enhanced temporal levels, are obtained. Due to the
hierarchical coding structure, the contribution of frames in the higher temporal level for the whole coding performance
is bigger than that of in the lower temporal level.

[0030] Assuming that the frame rate is F, the GOP size is N, and the number of target video bits per second is B, the
numbers of averaged target bits per GOP is
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F (1)

[0031] Assuming that the number of accumulated left bits by the previous GOPs before encoding the current GOP is

RLGQZP - This number might be negative. Then the initial number of bits assigned to the current GOP would be

GOP _ mGOP GoP
T, Cur T + RLeft

(2)

[0032] The target bit rate, i.e. the number of bits allocated for a picture with individual picture type is based on the
remaining bits of current GOP and the weighting factor of each picture type:

—1 N(i) -1
Tcirop - Bi (k)_ Bz (k)
le (]) — i=0 k=0 - k=0 (3)
. O, .
N(D)—j+1+Y) “ExN()
=1 0,
TGOP
T]/P (O) — d_lCurQ) ( 4 )
Nyp+ Y ——XN()
i=0 Q)]/P

[0033] Here, opis the weighting factor for I/P pictures and w; is the weighting factor for B-pictures in the ith temporal

level. le (]) is the number of bits allocated for coding the jth picture which is a B-picture in the 7th level. T/P(0) is the

number of bits allocated for coding an I/P-picture and d is the number of decomposition stages in the temporal domain,
i.e. the number of temporal levels. Nyp is the number of picture with picture type | or P, N(i) is the number of pictures in
the ith enhanced temporal level, B/(k) is the number of bits consumed or used for coding the kth sub-band in the th level.
[0034] Aftera GOP is coded, the weighting factors are updated using the amounts of bits consumed for coding pictures
in said coded GOP. In this embodiment, a set of updated weighting factors is computed using parameters which depend
on the encoding of single pictures by help of its picture type and its temporal level. That is, the weighting factors are
regulated dynamically for more efficient bit allocation. The initial weighting factors can be deduced from the temporal
decomposition structure according to the reference order and the contribution for peak-signal-to-noise-ratio gains (PSNR
gains).

[0035] After coding a GOP, the consumed bits and a quantization step size Qstep used for coding of each picture can
be obtained. Then, the average complexity of enhanced temporal level /is determined as follows:

N

Z B, (1) OStep, (i)

C,, () == N0 (5)
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where d is the total number of temporal levels in a GOP, and / refers to the Ith temporal level of the pyramid structure.
The top level is defined as / =0, and the lowest level, which is the base level, is defined as / =d.

[0036] QStepi(l) is the actual quantization step size used for coding of the ith sub-band in the Ith level.

[0037] N(l)is the number of sub-bands in Ith hierarchical level:

297 I <d;
N()= (6)
1 [=d,

[0038] The average complexity of the lowest level of hierarchical B pictures forms a benchmark, and its weighting
factor m is set to 1. For the other level in the hierarchical B pictures, the weighting factor o, can be updated as follows:

ScaleTable[I1x C,,, (1)
0, =
Cog (0)

wherein

ScaleTable[]={1.000,1.216,1.478,1.794,2.171,2.611,3.109,3.646.....}  (8)

[0039] From the above formula, one can see that the low-pass sub-bands assigned with the larger weighting factor
than sub-bands of the higher temporal level, and the weighting factor of high-pass sub-bands in the different level
decrease with the increasing frequency of the temporal sub-bands.

[0040] Similarly, the bit-scaling factor of low-pass sub-band (I or P frames) oy is updated as follows:

A, XB,, ,X0Oste
Q)]/pz I/P I/P Q p]/P (9)
C,.(0)

wherein

A,,, =min(10,max(2,A)) (10)
with

A = pow(2,(QP,, —OP)/3) (11)
and
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Q

-1 N(

OP, , + (OP, (i) - QTablel))
@: 1 0

=

]
LN

i=

= (12)
N+ Y N(j)
j=0

as well as
OTable[] = {2,3,4,6,7,...} (13)

[0041] The actual number of bits used for coding the low-pass sub-band (I or P picture) is B;p and QP,pis the actual
quantization parameter (QP) used for coding the low-pass sub-band (I or P picture) A;p is a measure of a difference
between the QP of low-pass sub-band (I/P) and the average QP of the last coded GOP which can be served as a factor
for regulating the weighting factor of I/P frames. QTable is derived according to the quantization parameter scaling
strategy of SVC. QP(i) is the QP actually used for coding each frame of the last coded GOP .

[0042] After a GOP is coded, the set of weighting factors is updated for the bit allocation of next GOP.

Claims

1. Method for encoding a subsequent sequence of pictures by help of a preceding sequence of pictures, wherein
pictures either belong to a base level or to one of one or more enhanced levels, the method comprising

- determining picture dependent coding parameters from coding of the pictures in the preceding group,

- determining by help of the coding parameters two or more complexities,

- updating enhanced level weighting factors by help of the determined complexities,

- coding pictures of the subsequent group of pictures by help of the updated enhanced level weighting factors.

2. Method according to claim 1, characterized in that

- determining two or more complexities comprises determining a base complexity by help of the coding param-
eters depending on base level pictures and determining one or more enhanced complexities by help of the
coding parameters depending on enhanced level pictures, and

- pictures of the enhanced temporal levels in the subsequent group are coded by help of the updated enhanced
level weighting factors.

3. Method according to claim 2, characterized in that
- the picture dependent coding parameters comprise the number of bits and the quantization step size used for
coding of the picture and

- the coding of pictures by help of the updated enhanced level weighting factors comprises allocating bits.

4. Method according to claim 3, characterized in that determining the enhanced complexities and the base complexity
comprises

- averaging the product of the picture dependent coding parameters over the coded base level pictures and
- for each enhanced level, averaging the product of the picture dependent coding parameters over the coded
pictures of the respective enhanced level.

5. Method according to any preceding claim, characterized in that

- updating the enhanced level weighting factor comprises scaling a predetermined value by the quotient of the
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respective enhanced complexity and the base complexity.

6. Method according to any preceding claim, wherein

- pictures are determined to be either bidirectional coded or intra/predictive coded,

- pictures which are to be coded intra/predictive are coded with common intra/predictive coding parameters,
the method further comprising:

- determining an intra/predictive complexity,

- determining a generalized quantization parameter,

- determining an intra/predictive weighting factor by help of an intra/predictive quantization parameter and the
generalized quantization parameter,

- determining an intra/predictive scaling factor by help of the intra/predictive complexity and the base complexity,
- scaling the intra/predictive weighting factor by the intra/predictive scaling factor.

Method according to claim 6, wherein

- the intra/predictive quantization parameter corresponds to the quantization step size used for coding,

- determining the intra/predictive complexity comprises multiplying the common intra/predictive coding param-
eters,

- determining the generalized quantization parameter comprises averaging over all coded pictures the quanti-
zation parameters used and

- determining the intra/predictive scaling factor comprises dividing the intra/predictive complexity by the base
complexity.

Method according to claim 7, wherein

- determining the generalized quantization parameter comprises diminishing it by a value which dependents on
the number of temporal levels and
- determining the intra/predictive weighting factor comprises limiting its value range to the range from 2 to 10.

9. Encoder for coding a sequence of pictures, the encoder comprising

- means for decomposing the sequence into a preceding group of pictures and a subsequent group of pictures
- means for decomposing a group of pictures into at least two levels, a base level and one or more enhanced
levels,

- means for coding a group of pictures by help of one or more enhanced level weighting factors,

- means for determining picture dependent coding parameters from coding of a picture,

- means for determining a base complexity by help of coding parameters determined from base level pictures
of a group of pictures and one or more enhanced complexities by help of the coding parameters determined
from enhanced temporal level pictures of the same group of pictures and

- means for updating the enhanced level weighting factors by help of the determined complexities.

10. Encoder according to claim 9, characterized in that

- the picture dependent coding parameters comprise the number of bits and the quantization step size used for
coding of the picture and

- the complexity determining means are adapted to form an level dependent average over the product of the
picture dependent coding parameters.

11. Encoder according to any of the claims 9 or 10, wherein

- the coding means are adapted to encoder pictures either bidirectional or intra/predictive,

- the coding means are further adapted to code pictures which are to be coded intra/predictive with common
intra/predictive coding parameters,

- the complexity determining means are adapted to determine an intra/predictive complexity, also,

- the encoder comprises means for determining a generalized quantization parameter,

- the complexity determining means are adapted to determine an intra/predictive weighting factor by help of an
intra/predictive quantization parameter and the generalized quantization parameter,
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- the updating means are adapted to determine an intra/predictive scaling factor by help of the intra/predictive
complexity and the base complexity,

- the updating means are further adapted to scale the intra/predictive weighting factor by the intra/predictive
scaling factor.
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